Determination of the ligands of the low spin heme of the cytochrome o ubiquinol oxidase complex using site-directed mutagenesis.
The cytochrome o complex of Escherichia coli is a ubiquinol oxidase which is the predominant respiratory terminal oxidase when the bacteria are grown under high oxygen tension. The amino acid sequences of three of the subunits of this quinol oxidase reveal a substantial relationship to the aa3-type cytochrome c oxidases. The two cytochrome components (b563.5 and o) and the single copper (CuB) present in the E. coli quinol oxidase appear to be equivalent to cytochrome a, cytochrome a3, and CuB of the aa3-type cytochrome c oxidases, respectively. These three prosthetic groups are all located within subunit I of the oxidase. Sequence alignments indicate only six totally conserved histidine residues among all known sequences of subunit I of the cytochrome c oxidases of various species plus the E. coli quinol oxidase. Site-directed mutagenesis has been used to change each of these totally conserved histidines with the presumption that two of these six must ligate to the low spin cytochrome center of the E. coli oxidase. The presence of the low spin cytochrome b563.5 component of the oxidase can be evaluated both by visible absorbance properties and by its EPR spectrum. The results unambiguously indicate that His-106 and His-421 are the ligands of the six-coordinate low spin cytochrome b563.5. Although the data are not definitive in making additional metal ligation assignments of the remaining four totally conserved histidines, a reasonable model is suggested for the structure of the catalytic core of the cytochrome o complex and, by extrapolation, of cytochrome c oxidase.